Negative effects of sleep deprivation on different types of memory are well documented, but the specific effects on autobiographical memory performance are not well studied. In this study, we investigated performance on the autobiographical memory test in a group of sleep-deprived and well-rested nurses. One-hundred participants divided into sleep-deprived (N = 50, 25 females) and well-rested (N = 50, 25 females) groups took part in the study. The sleep-deprived group included nightshift nurses with 8-12 hr sleep deprivation, while the well-rested group had the usual night sleep before performance assessment. All participants were matched for gender, age, education and employment status. They completed depression and anxiety inventories, and underwent the autobiographical memory test, which included 18 cue words with positive, negative and neutral valence. The sleep-deprived group scored significantly higher in depression scores. Analysis of covariance (ANCOVA) results showed that sleep-deprived participants had a significantly poorer autobiographical memory compared with the well-rested group. Additionally, specific memories were significantly declined in the sleep-deprived group. This group remembered significantly less positive and more negative memories. Findings implicate that sleep deprivation has detrimental effects on autobiographical memory specificity and valence, and is associated with mood dysregulation.
Summary
Negative effects of sleep deprivation on different types of memory are well documented, but the specific effects on autobiographical memory performance are not well studied. In this study, we investigated performance on the autobiographical memory test in a group of sleep-deprived and well-rested nurses. One-hundred participants divided into sleep-deprived (N = 50, 25 females) and well-rested (N = 50, 25 females) groups took part in the study. The sleep-deprived group included nightshift nurses with 8-12 hr sleep deprivation, while the well-rested group had the usual night sleep before performance assessment. All participants were matched for gender, age, education and employment status. They completed depression and anxiety inventories, and underwent the autobiographical memory test, which included 18 cue words with positive, negative and neutral valence. The sleep-deprived group scored significantly higher in depression scores. Analysis of covariance (ANCOVA) results showed that sleep-deprived participants had a significantly poorer autobiographical memory compared with the well-rested group. Additionally, specific memories were significantly declined in the sleep-deprived group. This group remembered significantly less positive and more negative memories. Findings implicate that sleep deprivation has detrimental effects on autobiographical memory specificity and valence, and is associated with mood dysregulation.
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autobiographical memory, autobiographical memory test, memory consolidation, sleep, sleep deprivation 1 | INTRODUCTION Over the past decade, an important link between sleep and cognitive processing has been established in both normal and abnormal populations (Chambers, 2017; Deak & Stickgold, 2010) . Previous studies indicate that sleep promotes various cognitive functions, including decision-making, language learning, categorization, executive functions and memory (Chambers, 2017) . Most work so far has focused on the impact of sleep on different types of memory (Duclos, Beauregard, Bottari, Ouellet, & Gosselin, 2015; Gui et al., 2017) . On the other hand, negative effects of sleep deprivation on cognitive processing are well documented too. Sleep-deprived individuals show deficits in executive function, attention and memory tasks. Such cognitive deficits in the setting of sleep deprivation have also been demonstrated in real-life circumstances (Deak & Stickgold, 2010) .
Most sleep-deprivation studies have focused on its impact on memory performance (Duclos et al., 2015; Walker & Stickgold, 2006) . In addition to cognitive dysfunctions, sleep deprivation is associated with mood deficits and emotional dysregulations (Roberts & Duong, 2014; Short & Louca, 2015) , making individuals prone to depression (Rostami, Kazemi, Nitsche, Gholipour, & Salehinejad, 2017 ).
Studies about negative effects of sleep deprivation on memory have focused mostly on how it affects memory consolidation. A plethora of work demonstrates the impact of sleep deprivation on both initial encoding as well as later memory consolidation (Spencer, Walker, & Stickgold, 2017; Tudor et al., 2016; Walker & Stickgold, 2006) , not only in humans but also animals (Kreutzmann, Tudor, Angelakos, & Abel, 2017) . These studies suggest that deteriorating effects of sleep deprivation occur through alterations of neuronal plasticity (Kreutzmann, Havekes, Abel, & Meerlo, 2015) , inhibition of long-term potentiation (Davis, Harding, & Wright, 2003; Kim, Mahmoud, & Grover, 2005) , reduction of hippocampal neurogenesis (Grassi Zucconi, Cipriani, Balgkouranidou, & Scattoni, 2006; GuzmanMarin et al., 2005) , and dysregulation of some cortical regions involved in learning and memory (Deak & Stickgold, 2010) . Despite the large body of evidence on this topic, evidence for sleep-dependent autobiographical and episodic memory, as compared with sematic and procedural memory, has been more elusive (Aly & Moscovitch, 2010; Walker, 2005) .
Autobiographical memory (AM) is a form of declarative memory that refers to the storage of memories of events that have happened to an individual (Rubin, 2006) . It entails a complex set of operations and cognitive systems, including episodic memory, self-reflection, emotion, visual imagery, attention, executive functions and semantic processes (Rubin, 2006; Svoboda, Mckinnon, & Levine, 2006) .
Although some studies suggest that AM and episodic memory are similar phenomena, recent studies show that these are distinct regarding the involved cortical regions and characteristics (Gilboa, 2004; Hebscher, Levine, & Gilboa, 2017) . AM is mainly characterized by specificity of retrieved events which has impact on both cognitive processing and mood regulation. Numerous studies have been published on the specificity of AM since Williams and Broadbent (1986) first found that suicide attempters showed difficulties in retrieving specific memories and rather recall overgeneral (non-specific) memories (e.g., Raes, Hermans, De Decker, Eelen, & Williams, 2003) .
Autobiographical memory includes self-defining memories that are critical in shaping self-coherence, identity and understanding of the self and others (Conway, Singer, & Tagini, 2004; Nelson & Fivush, 2004) . Additionally, a strong relationship has been shown between psychological symptoms and biases in AM processing in mood, anxiety, and trauma and stress-related disorders (Hitchcock, Werner-Seidler, Blackwell, & Dalgleish, 2017) . The process of recalling personal memories involves a search of autobiographical knowledge hierarchically arranged from broad, general, summarized autobiographical information down to event-specific details. Disruption of autobiographical retrieval leads to overgeneralized processing of personal information and bias of the emotional valence of retrieved information (Hitchcock et al., 2017) . Sleep, as a process required for memory consolidation (Chambers, 2017) , is necessary for functional memory systems, presumably including AM. Thus, sleep deprivation is expected to negatively affect AM. This is, however, not well studied (Aly & Moscovitch, 2010 ).
The present study therefore aims to investigate the effects of sleep deprivation at night on AM in a group of nurses with sleep deprivation and a group of nurses with sufficient night sleep. Based on previous findings about negative effects of sleep deprivation on memory consolidation, we expect to observe an overall impaired AM (regardless of memory specificity) in sleep-deprived individuals compared with normal ones (Hypothesis 1). Additionally, based on previous studies that described characteristics of disrupted AM, we hypothesized that sleep-deprived individuals have more unspecific or overgeneralized AM (Hypothesis 2). Finally, in accordance with findings about the relationship between impaired AM and mood disturbances (Hitchcock et al., 2017) and well-documented findings about the impact of sleep deprivation on mood deficits and emotional dysregulation (Rosen, Gimotty, Shea, & Bellini, 2006; Short & Louca, 2015) , we hypothesized that sleep-deprived individuals gain higher scores on negative and lower scores on positive valence memories, respectively (Hypothesis 3).
| MATERIALS AND METHODS

| Participants
One-hundred nurses (mean age 35.44 years, SD = 4.54) employed at three hospitals were recruited to take part in this study. (Veijola et al., 2003) that measures general psychological health was also employed to initially screen participants' psychological state before the beginning of the study. Participants with significant scores on any clinical scales were excluded. Criterion for the sleep-deprived group was not to have slept for 8-12 hrs in the night before the experimental session starts. In other words, We defined sleep deprivation period as "not to have slept between 22:00 and 8:00" the day before the experimental test, which means that the sleep-deprivation group was awake from morning time of the day before examination. Additionally, sleep-deprived nurses were asked not to do a list of activities that might influence on memory consolidation, such as excessive intake of caffeine and nicotine, watching exciting or emotional movies, or involving in cognitive-demanding tasks such as doing puzzles or videogames. This group was asked not to sleep in any circumstances, and if they did they were asked to report this so that their data were excluded. To control over this, participants completed a brief questionnaire that asked if they fell asleep, took a nap or did any activity they were not supposed to do. The well-rested group was asked to report if they had sufficient sleep the night before the session so that their data could be excluded in the case of inappropriate sleep. This group was asked to go to sleep between 23:00 hour-00:00 hours and report if they went to sleep earlier or later. Participants in both groups were matched based on age, gender and education, and they were selected from different departments. All participants had normal or corrected-to-normal vision, and gave written informed consent before participation.
| Materials
| Mood and anxiety measures
Depression and anxiety levels of participants were assessed using the (Beck, Steer, & Brown, 1996) . The anxiety level of participants was measured using the Beck Anxiety Inventory (BAI; Steer & Beck, 1997) , which is a 21-item self-report instrument for measuring the severity of anxiety in adolescents and adults. Each question is scored on a 0-3 scale, with 0 and 3 indicative of no or severe anxiety, respectively. Each question describes one of the common signs of anxiety (i.e. physical or psychological signs or fear). The BAI has demonstrated high internal consistency and test-retest reliability, and good concurrent and discriminant validity, and is carefully constructed to avoid confounding with depression. The BDI and BAI took about 10 min to complete. (Figure 1) 
| Autobiographical memory test (AMT)
The AMT (Williams & Broadbent, 1986 ) is a standard test for memory specificity during which participants are shown cue words and asked to retrieve a specific memory that the cue word reminds him or her of. During the AMT, participants are instructed to recall events from their own history that are more distinct and of greater personal significance than laboratory stimuli. We used a written format of the AMT in our study, which consisted of 18 cue words in the native language of participants. These included six positive (i.e. feast), six negative (i.e. sad) and six neutral cue words (i.e. class). The words were selected based on a study in which the positive and negative emotionality of several hundred words were rated by 60 raters (Neshat-Doost et al., 2013) balanced for frequency of use and length (Griffith et al., 2009) . Participants wrote their responses in a booklet that contained the 18 cue words, with each cue word presented on a separate page of 21 9 30 cm size, in a separate random order for each participant. The first three cue words were practice items, and the test words consisted of five positive, five negative and five neutral words that were printed on booklet pages and alternating with valence. The experimenter asked participants to recall a specific memory from their past in response to each cue word, and instructed them to report the first memory that came to mind, no matter how recent, distant, interesting or trivial. The need for specificity of the memories was stressed, and an example given. Participants were given 30 s to respond to each cue, and were instructed to turn to the following cue word when this time had elapsed.
Two independent coders blind to the study hypotheses coded each response to "specific" or "non-specific" memories based on the following criteria. Specific memories referred to events that occurred at a particular time and place within the course of 1 day or less than a day (e.g. "I felt happy last Tuesday after I heard my mom is going to have a party at night"). Non-specific memories included extended and categorical memories. The former refers to an event that occurred at a specific time and place, but lasted more than 1 day (e.g. "I feasted all summer"), and the latter refers to an event that indicates a summary or class of past events without specific time and place (e.g. "I feel bored whenever I am in classes"). In cases where the participants could not remember a response within the 30 s allocated time, the response was coded as "lack of memory".
The inter-rater reliability for "specificity" and "non-specificity" was adequate (r = .89, p < .01). This scoring procedure is shown to have good reliability (Griffith et al., 2009; Raes et al., 2003) , although it should be noted that scoring for "specific" and "non-specific" memories is not independent from each other. The valence of the memories was also scored using a taxonomy that consisted of cue words (i.e. positive, neutral, negative) and memories (i.e. positive, neutral, negative), in which positive and negative memories scores ranged from 0 to +2 or 0 to À2, respectively (Table 1) .
| Procedure
Participants in both groups were carefully instructed about the instructions they were asked to follow about "the behavior required" the day and night before experiment. The instructions asked participants in both groups to sleep or stay awake during a specific time range, and not to do some potentially confounding activities with sleep consolidation or memory functioning. They were asked to complete a questionnaire with items asking about onset of sleep/ staying awake and if they disobeyed the instructions so that the experimenters could decide whether to include their data in the analysis. To make this more objective, each participant had to complete a brief questionnaire about time going to bed, of staying awake, list of activities done or substances used before the testing session. Upon arriving in the laboratory, participants sat on a comfortable chair. After completing written informed consent, participants were instructed about the experiment and tasks. Participants 
| Statistical analysis
Data analyses were conducted using the statistical package SPSS for Windows, version 24.0 (IBM, SPSS, Chicago, IL, USA). The normality of data and homogeneity of variance was confirmed using ShapiroWilk and Levin tests, respectively. Demographic characteristics (Table 2) were investigated using the chi-square test for independence (nominal variables). Pearson correlation showed no significant correlation between groups and demographic variables, except for the BDI-II scores that were entered in the analysis as covariates.
This was confirmed by the independent t-test results, indicating a significant difference between sleep-deprived and well-rested groups in the BDI-II scores. In order to examine the effect of sleep deprivation on AMT, we conducted a series of univariate analysis of covariance (ANCOVA) with scores on BDI-II as covariate, group (sleepdeprived and well-rested) as an independent grouping variable, and scores on memory specificity (i.e. specific, non-specific, lack of memory) and memory valence (i.e. positive, negative, neutral) as continuous dependent variables. A significance level of p < .05 was used for all statistical analyses.
| RESULTS
Demographic characteristics are summarized in Table 1 . The data overview shows a difference between groups regarding AMT outputs. The descriptive statistics, including mean and the standard deviation of participants on BDI-II, BAI and AMT are summarized in Table 2 . Results of independent t-tests show a significant difference between sleep-deprived and well-rested groups in depression (t 98 = 3.18, p < .01) but not anxiety scores (t 98 = 0.64, p = .52). We therefore entered depression scores as a covariate in the further analyses to control for its confounding effect on the dependent vari- (Table 3 ).
The effect of sleep deprivation on the valence of retrieved memories was also investigated. Given the significant correlation of nonspecific negative memories and depression scores (r = .30, p < .02), depression could be a contributing factor on AMT performance. Its confounding effect was therefore statistically controlled as a covariate. The ANCOVA results showed that after controlling for the BDI-II score, in accordance with our third hypothesis the sleep-deprived group retrieved significantly more negative (F 1,97 = 30.43, p < .0005, g 2 = 0.24) and less positive memories than the control group (F 1,97 = 53.01, p < .0005, g 2 = 0.35). The Bonferroni-corrected critical p-values was p < .017. The results are shown in Table 3 .
| DISCUSSION
The present study investigated the effect of sleep deprivation on AM in sleep-deprived nurses compared with a control group of wellrested nurses. We found a relevant impact of sleep deprivation on AM functioning. Specifically, sleep-deprived participants showed a significant lack of memory, regardless of specificity or valence, implicating a dysfunctional AM compared with the control group. Furthermore, they had more difficulties in retrieving specific memories and rather recalled more overgeneral memories. Additionally, they showed a significant bias regarding AM valence in a way that sleepdeprived participants retrieved more negative and less positive memories. Our findings indicate that sleep deprivation has a deteriorating effect on AM performance, which is critical in shaping self-coherence, identity and understanding of the self and others (Conway et al., 2004; Nelson & Fivush, 2004) .
Negative effects of sleep deprivation on AM are in line with previous studies about detrimental effects of sleep deprivation on cognition in general (Deak & Stickgold, 2010; Legault, Clement, Kenny, Hardcastle, & Keller, 2017) , and memory in particular (Chambers, 2017; Di Meco, Joshi, & Pratic o, 2014) . Although numerous studies have demonstrated that sleep deprivation impairs declarative memory, the effects of sleep deprivation on AM and episodic memory are not well studied or have been elusive (Aly & Moscovitch, 2010) .
The findings of the present study can be explained in terms of beneficial effects of sleep on memory consolidation (Chambers, 2017) . Declarative memory consolidation during sleep relies on plasticity-related mechanisms that reactivate and stabilize memory repre- regions involved in learning and memory (Deak & Stickgold, 2010) .
In addition to neural dysregulation, cognitive dysfunctions, specifically executive dysfunction, can explain declined AM performance in the sleep-deprived group. Executive dysfunction is one of the cognitive consequences of sleep deprivation (Deak & Stickgold, 2010; Nilsson et al., 2005) . AM performance is dependent on executive resources, such as attention, working memory and self-reflection (Svoboda et al., 2006; Williams et al., 2007) , which are functionally related to the activation of the prefrontal cortex (Gilboa, 2004) .
Executive functions are responsible for both emotional and cognitive driven goal-directed actions (Nejati, Salehinejad, & Nitsche, 2018; Salehinejad, Nejati, & Derakhshan, 2017) . Retrieving specific events correspondent to specific cue words is an example of goal-directed action, which requires executive function (Miller & Cohen, 2001) , and is why AM is central to the ability to remain oriented in the world and to pursue goals effectively (Williams et al., 2007) .
Impaired executive control due to sleep deprivation is thus one possible reason for declined AM performance in the sleep-deprived group. Furthermore, studies showing enhanced memory as a result of improved executive control or vice versa (Klingberg, 2010; Penolazzi et al., 2010) support the notion that memory dysfunction is related to executive dysfunction (Nejati, Salehinejad, Nitsche, Najian, & Javadi, 2017; Salehinejad, Ghanavai, Rostami, & Nejati, 2017) . However, to draw such a conclusion, one needs to examine executive functions along with AM after sleep deprivation. Such potential explanations bring up the argument of whether the observed effect of sleep deprivation is specific to AM or a byproduct of sleep deprivation. Given previous findings mentioned earlier, sleep deprivation disrupts AM by disrupting memory consolidation and executive functions that support AM performance, and thus it is likely that AM performance decline is secondary to such affected processes. Nevertheless, in order to draw such a conclusion, it is required to control the effects of such processes to see if AM is still affected or not.
We also found that sleep-deprived participants remembered more negative and less positive events compared with the control group. Interestingly, sleep problems are among the major predictors of depression . As the sleep-deprived group had also a higher level of depressive states, this could partially explain their biased memory retrieval, which was supported by a significant correlation between depression scores and negative nonspecific memories. However, this only shows a partial association between AM performance and depression scores, as there was still an association between these variables after controlling for depression scores. It should be taken into account that the BDI-II monitors primarily depressive states, and not respective traits. The former are affected relevantly by recent experiences. This includes sleep-deprivation effects on mood. Thus the BDI-II is not ideally suited to monitor selectively depression in strict sense. However, the respective relation should be interpreted with caution as we did not experimentally manipulate sleep deprivation in our study, and potential effects of confounding variables might also have affected emotional states.
Nevertheless, the association between sleep deprivation and depression scores can be explained in the context of the relationship between AM specificity and emotion processing. Overgeneral recall of events, especially emotional ones, which lacks specific, detailed emotional information directly impacts on mood via promotion of abstract rumination (Williams et al., 2007) . This in turn worsens symptoms of anxiety and depression (Hitchcock et al., 2017) . Previous studies confirmed this relation by showing that emotionally disturbed patients tend to remember biased, non-specific or overgeneral memories (Nejati, Salehinejad, Shahidi, & Abedin, 2017; Williams et al., 2007) and show an overall memory dysfunction (Nejati, Salehinejad, & Sabayee, 2018; Salehinejad, Ghanavai, et al., 2017) . 
